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Noller, G. L. 1962. A study of vegetation and soil in relation to intensity 
of grazing in north central Kansas. 
This study was an attempt to deter.mine soil and vegetative differences 
in pastures on upland and slope sites caused by different utilization rates 
in the past year. Soil and vegetative dif ferences were determined with 
reference to the following factors: soil moisture; soil organic matter; 
surface soil pH; amount of mulch; basal cover, species composition; percent 
frequency; perennial grass growth; and production of the vegetation. 
Four ranges for study:i.llg soil and vegetative___differences were selected 
on the basis of appearance of the vegetative cover, remaining vegetative 
growth of the previous year, abundance of mulch and past utilization, and 
were classified as follows: non-grazed; lightly grazed; moderately grazed; 
and heavily grazed. 
Exclosures were established on grazed ranges and five-meter square. 
quad.rats were arranged in each. Vegetation within each quad.rat was measured 
weekly and elipped monthly. 
Findings were as follows: (l) Soil moisture was greater on slope than 
on upland sites on the basis of an average of soil depths . and grazing condi-
tions. (2) Soil moisture was more abundant at the 0.5 foot depth than at all 
other depths. (3) Organic matter in the surface six inches o'f soil on the 
upland site was generally increased in pastures with heavy utilization, 
while a decrease was recorded on the slope. (4) The main portion of organic 
matter was in the surface two feet of soil on both sites. (5) Soil pH 
generally was more acidic in the surface six inches with increased grazing. 
(6) Surface soils on ·sites five feet or more in depth were acidic and surf ace 
soils on sites less than five feet deep were basic. (7) The an ount of mulch 
on t he upland and slope sites generally decreased with utilizat ion. (8) Under 
all grazing conditions mulch was more abundant on upl and than on slope sites. 
(9 ) Basal cover on upland and slope sites generally increased with grazing. 
(10) Tall grasses were more abundant on under-utilized ranges, 'While short 
grasses were most abundant on moderately and heavily grazed ranges. 
(ll) Annual grasses were most plentiful on moderately and heavily grazed 
pastures. (12) Vegetative struc ture was dif f erent on each site. (13) Species 
of forbs, total number of pl ant s and number of plants per square f oot was 
greater under heavy utilization. (14) Perennial grass on the non- grazed 
and lightJ.y grazed ranges was taller and growth was gr eater on upland than 
on slope sites. (16) Amount of growth decrease f rom clipping was greater 
on non-grazed and lightly grazed areas. (17) Forage, perennial grass and 
annual grass production was greater on upland t han on slope sites. 
(18) Seasonal perennial grass yield on the non- grazed and light ly grazed 
uplands was greater than on moderat ely and heavily grazed uplands. 
(19) Forb yield on the upl ands increased wit h grazing. (20) Annual grass 
production on moderat ely and heavily grazed pastures was grea~er than on 
under-utilized pastures. 
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INTROIXJCTION 
The degree of utilization has a profound influence upon the vegetation. 
Controlled utilization all.ows the vegetation to produce its ma:xirnum quantity 
and qual.ity under prevailing climatic conditions. Over-utilization has a 
more pronounced influence an the vegetation under adverse cJ.imatic conditions 
(Clarke, Tisdale and SkGg.1.and, 1947). 
'.lhe control of utilization is of great importance for prolonged produc-
tivity of our grasslands. The importance of proper grazing is enhanced as 
the human population increases. 
:Sampson (1952) gives a general description of the world-wide problem 
of utilization with the following: 
On all continents the grazing capacity has declined perceptibly 
and the less desirable forage plants have markedly reylaced the 
better ones. The most severely punished tracts occur in the older 
low-rainfall countries where unwise grazing has been practiced 
longest and where periodic drou ts have hastened the effects of 
excessive grazing. Portions of North and South Africa, Greece, 
Spain, India., and Palestine are outstanding examples of grassland 
devastation. In younger nations, Australia, New Zealand, and western 
United States, few tracts can now match the yield and forage quality 
they produced in the virgin state. 
Sampson (1952) eomments further on a short history of the degeneration 
of native ranges in the United States as follows: 
When white man first placed his animals on the western range 
the forage crop seemed inexhaustible. Probably a vegetal resource 
was never exploited mere rapidly, fer tales of quick profits lured 
thousands of stockmen to send their animals to the west. 5oon the 
ranges were stocked far in excess of their carrying capacity. With-
in half a century or less of uncontrolled. grazing the ranges were 
seriously impoverished. 
In 1939., the F0rest Service estimated that the carrying capacity 
ef the now existing western range was 52 percent below its virgin 
condition. On some 55 percent of the entire area, forage resources 
had been reduced by more than half. 
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Al.though many of the earlier range land abuses have been corrected, 
progress in adopting better management and improved range condition 
has been slow. 
Al though much study is sti1.J. needed en the problem of utilization, the 
problem. is receiving more attention now than in previous years. All counties 
in Kansas are now adopting conservation plans through which the stockrnen 
may receive technical. advice on the prolonged productivity of their pastures 
and rangeland. 
The purpose of the present study was to find the soil and vegetative 
differences :in pastures on upland and slope sites in 196o and 196.1 of north 
central Kansas caused by different utilizati0n rates in the past. 'lhe main 
points of consideration were soil moisture, soil organic matter, surface 
soil pH, mulch cover, basal. cover, species composition, percent frequency, 
perennial grass height and production of the vegetation. 
RELATED LITERATURE 
Changes in vegetative composition, cover and yield due to intensity 
of grazing hav_e been studied by various research workers. Branson and 
Weaver (1953) observed that certain plants decreased in abundance and 
production under grazing, other 'Ji)lants increased in abundance and produc-
tion under grazing. Annuals and biennials were most abundant on ranges 
in poor condition. 
Branson (1947) reported that overgraz:ing caused a reduction in root 
growth. 
Clarke, Tisdale and Skogland (1947) found overgrazing caused a decline 
in density, vigor and productivity of the principal. forage plants with an 
/ 
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increase in less palatable species. Clarke, Tisdale and Skogland (1947) also 
observed that over-utiliation caused increased water and w.ind erosion and an 
abundance of insect and rodent pests. Severely over-utilized ranges were 
found to require many years to return to a moderateJ.y good range condition, 
especially if adverse climatic conditions prevailed. 
Darland and Weaver (1945) found proper management of range forage is 
largeJ.y determined by the amount of vegetation that should remain on the 
soil at the end of the growing season. The authors indicated that poor 
pastures like poor crops wer~ expensive. Maximum profits were not obtained 
from the range when stocked at maximum capacity. 
Jones (1934) working in England, found overgrazing eventually reduced 
the plant I s vigorous growth, leaving the soil exposed to harmfu1 effects 
by wind, water and animals and caused the plant to become a less effective 
competitor with other plants. Jones points out that controlled grazing 
will keep more palatable speeies present and less desirable species out. 
Lacey (1942) found overgrazing, accompanied by adverse climatic 
conditions, caused an increase in annual weeds of low palatability. 
Launchbaugh (1957) observed steers produced their best gains in 
pounds per head and per acre at moderate to low rates of utilization. 
Tomanek (1948) found more heavily utilized areas had less production 
in relation to cover than areas of light utilization. Buffalo grass (Buchloe 
dactyloides)1 and blue grama (Bouteloua gracilis) were found to produce more 
growth in moderately-utilized and lightly-utilized areas than on areas that 
1The nomenclature of grasses follows Hitchcock's "Manual of the Grasses 
of the United States. 11 
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were heavily grazed. 
Tomanek and Albertson (1953) indicated that vigor maintained by the 
plant was very important, not 0nly from the standpoint of forage production, 
but also in the ability to withstand climatic and biotic hardships. 
Weaver and Albertson (1956) point out that under sound management, 
plant communities are allowed to produce their. best density in relation to 
climate, their greatest volume of forage and their maximum expression of a 
varied composition. 
Weaver and Clements (1938) found the amount of water lost in runoff 
depends primaril.y upon the manner of precipitation but al so, upon the kind 
of cover, soil and slope. 
Weaver and Tomanek (1951) indicate that range preservation and improve-
ment in the midwest are largely matters of wise use and proper management 
of our natura1 grasslands. Soil conserva~on was found to be acco:rnpli shed 
primarily by the improvement of the vegetative c0ver. 
MEI'HODS OF STUDY 
Four areas were selected for study on the basis of r ange condition 
which was determined by the appearance of the vegetative cover, the p er-
sistant vegetative growth of the previous year, previous grazing of each 
area and the abundance of mulch. The areas were classified as non-grazed, 
lightly grazed, moderately grazed and heavily grazed ranges. '.lhe moderately 
grazed pasture was located in Jewell eo'llllty and the other three pastures 
were located in Mitchell county of north central Kansas. 
'!he non-grazed area was composed of approximately five acres and has 
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never been fenced or grazed in recent years. 
The lightly grazed pasture was c0mposed of 22 acres and was owned and 
operated by Guy Noller. The pasture was grazed in conjuncti0n with approxi-
mately 200 acres of wheat or clover pasture by approx:iJnately 70 cattJ.e in 
fall months. -seine years the pasture was never grazed and occasionaJJ.y dur-
ing these years of non-use the vegetation was removed in the fall as 
prairie hay. In 1960, 1700 baJ.es of prairie hay were removed from the 
lightly grazed pasture producing 77 .3 bales per acre. In the fall of 1960, 
after prairie hay removal, the pasture was fertilized with a 33 ! percent 
ammonium nitrate fertili zer at the rate of 300 pounds per acre. 'lhe pasture 
was sprayed with 2,4-D in early spring of 1960 to reduce weedy forbs. 
The moderately grazed pasture was composed of 70 acres, o'W?led and 
operated by Guy NoJ.ler. The area was usually grazed in conjunction with 
200 acres of wheat or cl.over pasture in spring, summer and fally by appr0xi-
matel.y 70 cattle. ·'lhe range was occasionally used for wintering cattJ.e. 
When used for wintering cattJ.e, silage and roughage were fed on the pasture. 
The area was sprayed in early spring of 1960 and spot sprayed in 1960 to 
reduce weedy forbs. 
'lhe heavily grazed pasture was composed of 30 acres, owed and operated 
by F1oyd Noller. In the summer months (May l to October l) 25 to 30 
cattle were kept on the pasture and approximately 70 cattle were wintered 
on the area. Cattle were fed silage and roughage on the range in winter 
months. Each spring the area is moved to reduce weedy forbs and annual 
grass growth, but the mowed vegetation is not removed. 
Representative areas in eaeh of the four ranges were selected for 
detailed study on the upland and slope sites. No differentiation was made 
between limy, loamy and clay upland or slope and break sites. Study areas 
were intended to be representative of each site and grazing condition and 
to correspond with the areas selected in each range by having as many 
similar 5Pecies as possible. 'lhe areas were protected from grazing by a 
15 square foot barbed wire enclosure. Five meter-square quadrats were 
placed in each exclosure on upland and slope sites. 
Vegetation Within each quadrat was clipped every four weeks to a 
height of approximately one inch, except on the non-grazed slope mere 
little bluestem (Andropogon scoparius) formed large bunches with crowns 
protruding about two inches above the soil surface. Vegetation removed 
from each quadrat was separated into perennial grass, forbs and annual 
grass. The clipped vegetation was sacked and air-dried before weighing. 
'.Lhe tallest perennial grass leaf within each quadrat was measured 
weekly, except for the last few weeks of each summer. Also, the tallest 
perennial grass was measured on the date of the :i.n:itial clipping in 1961., 
but was omitted in 1960. Data from five quadrats were averaged to find 
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the inches of vegetative growth and pounds per acre production on each site. 
Percent ba.saJ. cover and species composition was determined by the 
point frame method (Levy and Madden, 1933). Two hundred sets of points 
were recorded on eaeh site in 1960, except on the non-grazed range where 
only one hundred sets were recorded on each site due to the snaller size 
of the area. Points were recorded at intervals of ten steps on a hypo-
thetical line besecting the site. Only one representative quadrat was 
pantographed in August, 1961, on each site to determine the vegetative 
7 
structure (Hill, 1920). Only grasses and sedges were recorded by these 
methods. 
To determine foro composition, total number of forbs per site and 
percent frequency, forbs were counted and recorded in 30 one-by three-
foot rectangular plots. Percent f'requency of forba was determined by 
dividing the nwuber of one-by three-foot rectangul.ar plots containing a 
species of forbs by the total number (30) of rectangular plots used. Per-
cent frequency of grasses was determined by dividing the number of point 
sets (ten points in a frame) hitting a species by the total nwnber of 
point sets taken. 
The amount of mulch cover on each site was determined in August, 1961. 
Mul.ch was collected from five representative quadrats outside the exclosure, 
sacked, and air-dried before weighing. The average amount of muJ.ch for t he 
five quadrats was recorded. 
The geotome (Weaver and Clements, l93ti ) was used to acquir e soil 
samples for determination of organic .matter and relative soil moisture. 
Soil to a depth of five feet was sampled from two holes. If the soil was 
shallow, samples could not be secured from that depth. Soil was removed 
at six-inch intervals to a depth of three feet and at one-foot intervals to 
the final five-foot depth. Soil sampling was done in late September, 1960. 
The amount of organic matter in the sail to a depth of five-feet 
(when possible) was determined by the wet digestion method (Bear, 1955). 
An average of the analysis of three samples was recorded. 
Soil pH was found by the electrometric method (Bear, 1955) with a 
l:l soil-water paste. Sampling of the soil was accomplished with a spade 
to a depth of about six inches, sacked and thorougb1y mixed before testing. 
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Pictures were taken on each site under ea.eh grazing intensity in 1960 
and 1961. These were used in part to show the general appearance of the 
vegetation under each grazing condition. Also, field notes were kept each 
summer of the study to help describe the general appearance of the site and 
condition. 
Monthly precipitatien for Mitchel county was acquired from Mr. Sylvester 
Gengler, operator of the United States Department of Commerce Weather Bureau 
instruments at Beloit, Kansas, 12.5 miles from the study area. 
DESJRIPTION AND LOCATION OF STUDY AREA 
'Ihe areas selected for study were in the Mixed Prairie of north central 
Kansas, near the ecotone between the Mixed Prairie and the True Prairie. 
All four areas were north of Glen Elder, Kansas, within a six and one-half 
miJ.es radius. 
'Ihe elevation of the region is f rom 1300 to 1700 feet and the topog-
raphy is gently to moderately rolling with low hills and relatively sharp 
breaks in the vicinity of large water courses.2 The upland sites vary 
from almost level to gently sloping and rolling. 
The Solomon River crosses t he area from west to east and small streams 
il0w from north to south, draining into the Solomon River. 'lhe area is 
well-drained into what is considered the Smoky Hill Drainage Basin.3 
Ranges selected for study were all on the same broad soil type, Kansas-
Nebraska Loess Plains Section (Fly, 1946). The soils are residual and were 
2unpublished data from Soil Conservation Service Offiee, Beloit, Kansas. 
3~. 
derived from N!iobrara Chalk, Carlyle Shale and Green Horn Limestone.4 FJ.y 
(1946) states: 
The outstanding eharacteristics that denote this section are the 
dominance of heavy clay or clay-pan like soils on the smooth divides, 
and the more complete coverage of bedrock by loess. 
'lhe dominant arable soils are moderateJ.y dark to dark silt loam 
and silty clay loam surface soils over heavy clay to clay-pan-like 
subsoils. They are relativeJ.y fertile, slowly permeable, and have a 
high water storage capacity. 
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1he soils of the region erede easily when exposed and become unproductive 
w.i.th the loss of topsoil. A large percentage of the land is devoted to the 
production of cash crops w.i.th pastures occupying small tracts which are 
unsuitable for cultivation. 
The principal grasses of the district are buf.falo grass, blue grama, 
side-oats grama (Bouteloua curtipendula), big blue stem (Andropogon gerardi) 
and little bluestem, with western wheatgrass (Agropyron smithii) occupying 
the heavier soils. 
'lhe grazing season is usually from May 15 to October 1$, with a grow-
ing season of approximately 163 days, depending upon the parti cular year 
and rainfall. The average annual rainfall is 24.43 inches, with extremes 
o.f 12.46 and 37.19 inches occurring in 1934 and 1915, respectively. Air 
temperatures are also variable with the average annual mean temperature of 
54 degrees F. 
Overgrazing and uneven distribution are common problems on most pas-
tures, and has resulted in increased runof.f depriving the desirable grasses 
of needed water and resulted in an increase of less desirable woody and 
10 
shrubby plants that compete with the grasses.5 
The non-grazed range is located 1. 75 miles north of Glen Elder. '.Ihe 
range, as described by Robert To .Schafer (Soil Conservation Service, Beloit, 
Kansas) has a Land Use Capability and Range Site Description as follows: 
XL (VIe-4- Capability Class) (Break Site) 
£hallow rocky upland soils developed i'rom sandstones, 
limestones, marl and mortar beds on gently sloping 1-
3% to steep slopes (15-25%) with slight to severe 
erosion. Subject to severe water erosion. 
Range Site: Breaks 
Breaks (Br): Modera teJ.y deep and shallow soils on 
broken topography: Principal plants in the original 
vegetative cover were: littJ.e bluestem, big bluestem, 
indian grass (Sorghastrum nutans), switchgrass (Panicum 
v:i.rgatum), side-oats grama, hairy grama (Bou teloua hirsuta) 
and buffalo grass. 
3M3L {IVe-2- Capability Class) (Limy Upland) 
Deep loess and plains outwash calcareous soils on 
moderately sloping (3-7%) moderately eroded areas, 
and moderately shallow calcareous soils from lime-
stones and limy shales on moderately sloping areas. 
Subject to moderate and severe wind and water erosion. 
Limy Upland (Li.U): Deep loamy soils, limy at or near 
the surface. Principal plants in the original vege-
tative cover were: little bluestem, big bluestem, 
indian grass, switehgrass, side-oats grama, blue grama 
and buffalo grasso 
The non-grazed range had a c.lima.x appearance as evidenced by numerous 
Maximilian sunflowers (Helianthus Maximiliani). 6 Tall and mid-grasses were 
abundant on the area and no short grass was observed (Fig. 1). Mulch was 
abundant and only a few spots of bare soil were observed on the slope site 
which had a west e:xposure. 
5Ibid. 
6The nomenclature of forbs follows Britton and Brown's 1tlllustrated 
Flora.tt 
Fig. 1. General view of non-grazed pasture with upland 
site in foreground and slope site at upper left 
ll 
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The lightly grazed area is located six and one-half miles northeast of 
Glen Elder. Vegetation on the upland was composed of dense stands of western 
wheatgrass overtapping the short grasses, and islands of tall grasses were 
scattered thrG>ughout (Fig. 2). The slope site supported little bluestem, 
side-oats grama and shortgrass, with armual poverty grass (~orobolus 
neglectus) in abundance. Forbs were scattered over both sites. 'Ihe slope 
site studied in l96o was an east exposure but a west exposure was selected 
for study in 1961. 
The upland site of the area, as described by Robert T. Shafer (Soil 
Conservation .Service, Beloit, Kansas), has a Land Use Capability and Range 
Site Description as follows: 
1F23D (III.e-11- Capability Class) (Clay Upland) 
Deep to moderately deep Peorian Loess upland soils 
on gently slopes (1-3%) moderately eroded and 
moderately sleping (3-7%) uneroded. Subject to 
moderate erosion hazard by wind and water. 
Clay Upland (CU): Deep soils with clayey surfaces 
and subsoils. Principal plants in the original 
vegetative cover were: blue grama, western wheat-
grass, buffalo grass, side-oats grama, big bluestem 
and switchgrass. 
No Land Use Capability or Range Site Description was available for the slope 
site. 
The moderately grazed pasture was located six and one-half miles north 
of Glen Elder. The area appeared to be degenerating from a moderately 
grazed condition with an abundance of annual grasses, reduced amount of 
mulch and short appearance of the vegetation. 'lbe severe winter of 1959-
1960 partly caused the degenerating condition, at which time cattle re-
mained on the pasture late in the spring. Degeneration was especially 
evident near the stock pond iJa the western portion of the pasture. Short 
grass dominated the uplan.d s:i. te and Japanese brome (Bromus japonicus) 
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was abundant (Fig. 3)'. Arms of western wheatgrass extended up the slopes 
from the lowlands. '!he slope site was situated cm a northeast exposure. 
Land Use Capability and Range Site Description of this area was not avail-
able. 
The heavily grazed pasture is located four and one-half miles northeast 
of Glen Elder. Slort grass and weedy forbs dominated the upland sites with 
a reduction in abundance of weedy forbs on the slope. ?lie effects of heavy 
utilization were evident with bare areas of soil and numerous cattle drop-
pings present. Mulch was sparse and was compGsed primarily of annual grass. 
Japanese brom.e and litUe barley (Hordeum pusillum) occurred in dense stands 
overshadowing the shortgrasses in early spring. The slope site occupied an 
east exposure. 
The Land Use Capability and Range Site Description of the upland site 
Gf the area, as described by Robert T. Schafer (Soil Conservation Service, 
Beloit., Kansas) are: 
1F34D (IVe-5- Capability Class) (Clay Upland) 
Deep to moderately deep loess, loess-eolluvial and 
loess limestone upland soils on moderately sloping 
(3-7%); moderately to severely eroded or strongly 
sloping (7-10%) soils uneroded. ,&l.bject to moderate 
severe erosion hazard. 
Olay Upland (CL): Deep soils with clayey surfaces 
and smsoils. Pri ncipal plants in the original 
vegetative cover were: blue grama, western wheatgrass, 
buffalo grass., side-oats grama, big bluestem and 
switchgrass. 
N.o Land Use Capability or Range Site Description was available for the slope 
site. 
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Figo 3. General view of moderately grazed upland. 
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CLIMATIC CONDITIONS 
The winter of 1959-1960 was characteri~ed by heavy long-lasting snow 
in February and March with a total accumulatien of 36.5 inches (Table I). 
The snow, melted slowly and no extensive runeff occurred. The vegetative 
growth was de.layed for a short time due to the snow covering, but grew 
rapidl.y after snew melted with the abundance of moisture available. Com-
plete prec:ipitati0n data for 1959 were not available. 
Annual precipitation for 1960 was 27 .44 inches ( Table I) 0 Slightly 
more than 20 inches were received from April through September. Precipita-
tion occurred at least every 11 days during the above months with the 
exception of a 25-day drought beginning August 29. 
Total precipitation for 1961 measured 39.16 inches (Table I). SlightJ.y 
more than 29 inches were received in April through September. Short droughts 
occurred from April 12 to May 2 and f r om June 7 to JuJ.y 13, wi. t h only very 
small amounts of moisture received. On September 12, 1961, 4.02 inches of 
moisture was received during an intense rain-storm causing extensive runof f 
and erosion. The largest rainfall of 1960 was on August 18 when 1.79 inches 
occurred. More rains of larger amounts occurred in 1961 t han in 1960. 
REWLTS 
Soil moisture 
On September 27, 1960, soil was sampled under rather wet conditions 
due to rains of early September. Consequently, differences in soil moisture 
were not as great as wouJ.d be expected under drier conditions. 
Soil moisture en the slope was greater than on the upland sites on the 
Table r. Monthly precipitation in inches for a portion of 1959 and all of 1960 and 1961., and the 
average monthly precipitatien from 1898 ta 1942. 
Year January February March April May June July August Septem- Octa- Novem- Decem- Total 
ber ber ber ber 
1959 -- - -- -- - -- -- 2.79 3.49 4.79 *T 1.47 -
196o 1.36 1.35 1.24 3.01 2.56 4.14 2.14 6.83 2.23 1.13 0.35 1.10 27.44 
1961 0.08 0.50 2.90 1.96 9.53 4.20 2.06 4.73 7.28 3.01 1.71 o.48 39.16 
1898 
to 0.45 0.77 1.03 2.21 3.42 4.13 2.77 3.09 2.48 1.87 0.99 o.63 23.84 
1942 
*T = Trace 
-- • Precipitation for these months could not be obtained. 
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basis of the average amount of soil moisture at all depths and range condi-
tionso More soil moisture was present at the 0.5 .foot depth on the upland 
and slope sites than at all ct.her depths. On all upland and slope sites 
having soil five feet or more deep, soil moisture was found to fluctuate, 
decreasing at sane depths and increasing at other depths. 
Soil moisture on the upland sites at the o.5 foot depth was 29.8, 25.6, 
27.9 and 25.0 pereent on the non-grazed, lightly grazed, moderately grazed 
and heavily grazed uplands, respectively (Table II) . At a depth of 2.0 feet 
on the lightJ.y, moderately, and heavily grazed upland, soil moisture was, 
respectively, 15.6, 16.o and 15.9 percent. 
Soil moisture was greatest on the non-grazed upland and least on the 
heavily grazed upland on the basis of the average amount of soil moisture 
at the depths sampledo 
Soil moisture on the non-grazed, lightJ.y grazed, moderately grazed 
and heavily grazed slopes at the 0.5 foot depth was 24.L., 25.4, 26.9 and 
25. 7 percent, respectively (Table II). Soil moisture fluctuated on the 
slope sites, decreasing to the depth of 1.5 feet • 
.Amount of organic matter 
The organic matter content of the surface six inches of soil on the 
upland site generally :increased with increased utilization, due to the abun-
dance of cattle excreta in the over-utilized area. 'lhe average percent 
organi c matter was B.90, 6.91, 7.41 and 6.27 on the heavily grazed, moder-
ately grazed, lightly grazed and non-grazed uplands, respectively 
(Table III). A general decrease in organic matter existed on all upland 
sites to a depth of 2.5 feet. 
Table II. Percent seil moisture en September 27, 1960, to a depth of five feet, when possible, 
on upland and slope sites of pastures subjeeted to different grazing treatments. 
Depth Upland Slope 
in 
feet Non-grazed Lightly ModerateJ.y Heavily Non-grazed LightJ.y Moderately Heavily 
grazed grazed grazed grazed grazed grazed 
0.5 29.8 25.6 27.9 25.0 24.4 25.4 26.9 25.7 
1.0 21.3 14.8 21.6 16.7 21.8 22.1 24.0 22.4 
195 14.9 17.6 16.5 14.7 10.4 19.2 19.2 14.l. 
a.o Rock 15.6 16.0 15.9 13.6 1.5.9 21.7 13.2 
2o.5 14.8 16.8 14.4 15.2 10.4 23.8 13.8 
3o0 1.3.0 17.7 12.6 Rock 13.7 25.2 14.7 
4.o 13.l 19.6 l2o0 Rock 25.5 15.1 
5.o 13.7 22. 5 12.2 25.5 16.5 
Table III. Average percent organic matter of soil on upland and slepe sites to a depth of 
five feet (when soil permitted) of pastures svmjected to various grazing treatments. 
Site Grazing Depth in feet intensity 
0o5 1.0 1.5 2.0 2.5 3.0 4.o 5.o 
Non-grazed 6.27 4.08 2.64 rock 
Lightly grazed 7.l.tl 5.62 3.28 3.03 1.19 0.10 o.89 0.75 
<tj 
r-1 
Moderately grazed 6.91 4.43 2.09 1.94 o.89 o.89 0.67 o.89 
p.. 
Heav:ily grazed 8.90 5o27 2.78 2.64 1.84 1.94 2.78 1.24 --
Non-grazed 9.80 3.98 0.89 0.30 0.25 rock 
Lightly grazed 9.75 7.56 3.13 2.54 2.19 3.03 rock 
t) 
g. Moderately grazed 9.50 7.11 2.88 J.28 0.79 0.19 0.80 0.10 




The percent organic matter in the surface six inches of soil on the 
slope site decreased with increased intensity of grazing which corresponds 
with the findings of Modha (1961). The non-grazed, lightJ.y grazed, moder -
ateJ.y grazed and heavily grazed slopes had 9.80, 9.15, 9.50 and 4.97 percent 
organic matter at the o.5 foot depth, respectiveJ.y (Table I IT). A general 
decrease in organic matter existed from t he surface to a depth of 1.5 feet 
on the slope sites. 
The bulk of organic matter on upland slope sites was found in the sur-
face 2.0 feet of soil. Fluctuations in the organic matter content existed 
on upland and slope sites having soil 5.0 feet deep between t he surface l.5 
feet for the slepe and the surface 2.5 feet for the upland to the final 5.0 
foot depth, a possible indication of a buried soil. 
Soil pH 
Soil pH of the surface six i nches of soil on the non-gr azed upland 
was most basic of all upland or slope sites w.i. th a pH of 7 .9 (Fig. 4). The 
lightiy, moderatel.y and heavily grazed uplands had surface soil pH values 
of 6.7, 6.5 and 6.5, respectiveJ.y. 
The surface six inches of soil on the slope site was most basic on 
the non-grazed pasture with a pH of 7. 7. The moderately grazed slope had 
the most acid surface soil of all slope or upland s:i. t es, having a pH of 6.4. 
Surface soil pH of the lightly grazed and heavily grazed slope wa s 7 . 6 and 
6. 7, respectively. 
The upland sites of the non-grazed and moderateJ.y grazed past ure had 
more basic surface soil than the slope site, while the lightJ.y and heavily 
grazed uplands had mere acidic surface soils than slope sites. 
I 
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Up Ion d 5 lope 
Fig. 4. pH values of surface six inches of soil 
on upland and slope sites on ranges sub-
jected to different grazing intensities. 
Soils less than five feet deep (non-grazed 
upland and slope and lightly grazed slope) 
were basic in reaction. 
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Upland or slope sites having soil five feet or more deep had acidic 
surface soil while those sites having soil not five feet deep had basic 
surface soil. The rurface six inches of seil on the upland and slope sites 
generally iJlcreased in acidity as grazing intensity increased. 
Amount of mulch ---
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The amount of nrulch on the soil surface on the upland and slope si. tes 
in August, 1961, decreased with increased utilization, except on the lightJ.y 
grazed upland where vegetation had been removed the previous fall as 
prairie hay. 
The non-grazed upland had produced 6,306.4 pounds per acre of mulch, 
the greatest production of mu.lch on any upland or slope site (Fig. 5) . 
Mulch production was 1,553.6, 1,822.6 and 628.4 po1mds per acre on the 
lightJ.y, moderateJ.y and heavily utilized areas, respectively. 
The amount of mulch was greatJ.y reduced on the slope as compared 
to upland sites in each range under the various grazing treatments. The 
non-grazed slope had the most mulch of all slope sites w.i.th 2,80,5.o pounds 
per acre. The lightJ.y, moderatel.y and heavily grazed slopes produced 
696.8, 191.4 and 134.8 pounds per acre of mulch, respectivel.y. 
Muleh was composed primarily of annual grass in the moderateJ.y and 
heavily grazed pastures, while the non-grazed and light.J.y grazed ranges 
had the main portion of :nrul.ch composed of perennial grass. The heavily 
grazed upland also had weedy forb material in the muJ.ch composition due 
to mulch collectio:n after the ~ring mowing of the pasture. 
Upl and Slope 
Fig. 5. Average mulch in pounds per acre on the basis 
of five quadrats on upland and slope sites of 
pastures when grazed at four different inten-
sities. 
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Basal~ and species composition 
Basal cover on the upland and slope sites generally increased with 
increased grazing intensity (Table IV). 
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'!be non-grazed upland had 8.80 percent basal cover (Table IV) . Big 
bl.uestem and switchgrass were abundant comprising 48.86 and 26.14 percent of 
the vegetation, respectivel.y (Table V). Side-oats grama and littJ.e bluestem 
contributed 9.09 and 6.82 percent, respectiveJ.y, of the vegetative cover. 
Basal cover of the lightly grazed upland was 15.80 percent (Table IV). 
Blue grama and western wbeatgrass made up 43.04 and 24.37 percent of the 
total cover, respectivel.y ( Table V). Bu.ffal.o grass, big bluestem and sedges 
(Carex Spp.) were found abundantly representing 10.13, 9.81 and 8.23 percent, 
respectiveJ.y, ef the vegetation. 
The moderately grazed upland had a basal cover of 15.35 percent 
(Table IV). The most abundant species on the site were buffalo grass and 
blue grama which composed, respectively, 47.56 and 28066 percent of the 
vegetative cover (Table V). Japonese brome was abundant on the moderately 
grazed upland representing 6.84 percent of the cover. 
Basal cover of the heavily grazed upland was 16.30 percent ( Table IV) . 
Buffalo grass and blue grama comprised 46.32 and 18.40 percent of the 
vegetative cover, respective1y ( Table V). Sedges were abundant representing 
14.72 percent of the vegetation. Little barley occurred in dense stands 
on the heavily grazed upland in the amount of U.96 percent of the total 
cover. 
Basal cover on the non-grazed slope was only 6.10 percent (Table IV). 
LittJ.e bJ.uestem and big b:Luestem were abundant comprising 67.21 and 21.31 
Table IV. Percent basal cover for upland and slope sites on pastures grazed at four intensities. 
Site Grazing Intensity Percent basal cover 
Non-grazed 8.80 
LightJ.y grazed 15.80 
'O 
Moderately grazed 15.35 ,; 
g, 
Heavily grazed 16.30 
Non-grazed 6.10 
G) Lightly grazed }h.55 8' 
@ 
Moderately grazed 18080 
Heavily grazed 19.75 
Table v. Percent &l)ecies cemposition and total number of species of grass for upland and slope sites 
on pastures grazed at four intensities. Only those species comprising five or more percent 
of the vegetation are listed. 
U-pland SI.ope 
Species -N(>Il- L1.gntJ.y Moderate.Ly Heavi.ly Non- Lignt.Ly Mo ct era te.J.y Heavuy 
grazed grazed grazed grazed grazed grazed grazed grazed 
Agr0pyron smithii 2~.37 0.98 3.37 1.56 0.27 5.82 
Andropogon gerardi 48.86 9.81 3.26 21.31 12.03 5.05 2.03 
Andropogon seoparius 6.82 67,21 2.4l 0.25 
BoutelQua eurtipendula 9.09 3.91 4.92 5.15 ll.44 2o7a 
Bouteloua gracilis 43.04 w .66 18.40 6.53 27.93 15.19 
Bromus japonieus 1.58 6.84 1.33 
Buchloe daetyloides 10.13 47.56 46.32 27.84 43.09 60.51 
Carex Spp. 8.23 3.26 14.72 1.33 0.76 
Herdeum pusill um 0.95 0 • .3.3 ll.96 0.34 0.25 
Panicum virgatum 26.14 4.92 3.09 
Schedonnardus panieu.latui 1.30 a.Bo 1.34 
Sporobolus neglectus 3.68 31.96 5.59 
Total number of species 1 10 13 8 5 10 12 12 
percent, resp ecti vel.y, of the vegetation ( Table V) • 
Basal cover on the lightly grazed slope was 14.55 percent (Table IV). 
Poverty grass and buffalo grass comprised 31.9q and '.27 . 84 percent of the 
vegetative cover, respectivel.y (Table V). Big bluestem, western wheatgrass 
and blue grama were abundant making up 12 .03, 7. 56 and 6.53 percent, respec-
tively of the vegetation. 
The moderatel.y grazed alope had a total basal cover of 18.80 percent 
(Table IV). Buffalo grass, blue grama and side-oats grama occurred abun-
dantJ.y contributing, respectivel.y, 43.90, 27.93 and ll.44 percent to the 
total cover (Table V). 
Basal cover of the heavi1y grazed slope was 19. 75 percent (Table IV) . 
Buffalo grass and blue grama made up 6o.5l and 15.19 percent of the cover 
(Table V) . Tu.mble grass (Schedonnardus paniculatus) and western wheatgrass 
occurred abundantly contributing 7.34 and 5.82 percent to the vegetation. 
The number of specie present on the upland and slope s i tes generally 
increased with increased utilization (Table V). 
Structure of vegetation 
Cover of living vegetation on the non-grazed upland was relatively 
small and was dominated by three tall. grasses. The dominant grasses were 
evenly scattered growing generally in small clumps (Fig. 6). Most of the 
area between these small cl umps of grass was filled with a heavy cover of 
mulch. 
'llie lightly grazed upland was dominated by a mixture of tail, mid and 
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short grasses . Clumps of grass were larger than on the non-grazed ar a and 
because of thw eider variety of grasses, gave a more uneven appearance Fi • 7) . 
Age Pvi S u 
Fig. 6. Structure and species composition of 
a quadrat of grass on the non-grazed 
upland. Age, ·.l\ndropogon gerardi; Pvi, 
Pam.cum virgatum; Snu, Sorghastrum 
nutans. 
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do Bgr A ge Ser Ppr 
Fi.go 7. Structure and species composition of 
a quadrat of grass on the lightly 
grazed upland (western wheatgrass not 
included). Age, Andropogon gerardi; 
Bda, Buchloe daetyloides; Bgr, 
Bouteloua gracllis; Ppr, Poa pratensis; 
Ser, ~orobolus cryptanderus. 
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Increase of buffal.o grass on the moderatel.y grazed pasture gave this 
area a different appearance. The low-growing, sod-fonni.ng buffalo grass 
fonned the matrix of the vegetation with bunches of other grasses scattered 
through the sod or in open areas (Fig. 8). Onl.y a thm scattering of tall and 
mid grasses was found :m this pasture. 
The heavily grazed upland area was a short grass pasture. About one-
hal.f of the area was covered by a solid stand of buff ale grass_ while the 
open areas were dominated by blue grama (Fig. 9). Smaller amounts of sedges 
and the sub sere windmill grass ( Chloris verticillata) were also fom1d. Open 
areas were often the resu.lt of trampling or smothering by cattle droppings. 
Vegetation on the slope showed very similar changes in structure due 
te differences in grazing intensity as did the upland sites (Figs. 10, 11, 
12 and 13) . TaLl and mid grasses dominated the non~grazed and lightly grazed 
areas while short and subsere grasses dominated the heavily used pasture • 
.Th.e moderatel.y grazed slepe had a combination of mid and short grasses. 
Clumps of grasses became larger and more numerous with increased grazing until 
an almost continuous sod was formed on the heavily grazed slope. 
Forb abundance and eo.mposi tion 
Abundance of forbs on upland and slope sites decreased slightly on 
the lightJ.y grazed range compared to the non-grazed range. However, a large 
increase occurred on the moderatel.y grazed pasture and a stiLl greater abun-
danse occurred on the heavily grazed area compared to abundance on the non-
grazed and lightJ.y grazed ranges. 
Thirteen different species of forbs were found in 30 three- by one-
foot rectangular plots on the non-grazed upland. A total of 123 forbs were 
cz=J [Il]I] lfflffi 
B d a B g r A g e 8 u C v e C Spp. 
[:=J 
Bare 
Fig. 8. Structure and species composition of 
a quadrat of grass on the moderately 
grazed upland. Age, Andropogon gerardi; 
Bda, Buchloe dacty.loides; Beu, Bouteloua 
curtipendula; Bgr, B. gracilis; c. ~p., 
Carex species; Cve, -Ch.loris verti ci Ll.ata. 
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Fig. 9. Structure and species composition of 
a quadrat of grass on the heavily 
grazed upland (western wheatgrass not 
included) . Bda, Buchloe dactyloides; 
Bgr, Bouteloua gracilis; c. Spp., 
&pecies; Cve, Chloris verticillata. 
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Ase Pvi Age Sas Snu Beu 
Fig. lO. Structure and species composition of 
a quadrat of grass on the non-grazed 
slope. Age, .Andropogon gerardi; Ase, 
A. scoparius; Beu, Bouteloua curtipendula; 
Pvi, Panicum virgatum; Snu, Sorghastrwn 
nutans; Sas, Sporobolus asper. 
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Sne Be u Age Ase Pv i S as 
Fig. 11. Structure ancl ::,pecies composition of 
a quadrat of grass on lightly grazed 
slope (western wheatgrass n0t included). 
Age, Andropog<im gerardi; Ase,!• 
scoparius; Beu, Bouteloua certipendula; 
Pvi, Pam.cum virgatum; Sas, ~oroboius 
a~er; Sne, 2• neglectus. 
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B d a B gr Age B c u Sn e B hi C Spp. 
Fig.12. Structure and species composition ef 
a quadrat of grass on the moderately 
grazed slope. Age, Andropogon gerardi; 
Bda, Buch1oe dactyloides; Beu, BouteJ.oua 
curtipendula; Bgr, ~- graeilis; Blli, ~• 
hirsuta; C. Spp., Carex species; Sne, 
Sporobolus neglectUS:--
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B d a B g r C v e C Sp p. 8 are 
Fig. 13. Structure and species composition of 
a quadrat of grass on heavily grazed 
slope (western meatgrass not in-
cluded). Bda, Buchloe dactyloides; 
Bgr., BouteJ.oua gracilis; Cve., Chloris 
verticillata; c. Spp., Carex species. 
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recorded on the site or 1.37 plants per square foot (Table VI). Western 
ragweed (Ambrosia p silo stachya), Maximilian sunflower and Pitcher' s sage 
(Salvia Pitcheri) were most abundant accounting for 39, 30 and 28 plants, 
respectively ( Table VII ). 
In 90 square feet on the lightJ.y grazed upland t here were 13 different 
species of forbs present amounting to 78 plants or o.87 forbs per square 
foot (Table VI). Common-yell0w oxalis (Oxalis stricta) with 27 plants, 
clasping-venus-looking glass (Specularia perfoliata) with 16 plants and 
flase-prairie bone set (Kuhnia glutinosa) with 15 plant s were recorded on 
the lightly grazed upland ( Table VII) • 
The moderately grazed upland in 90 square feet had 20 dif ferent 
species of forbs accounting for 490 plants or 5.44 forbs per square foot 
(Table VI). Western ragweed was most abundant on the site comprising 354 
plants (Table VII). Many-flowered aster (Aster multifiorus) and mat spurge 
(Euphorbia stictospora) were recorded on the moderately grazed upland with 
31 and 18 plants, respectively. Fireweed (Kochia scoparis), prickJ.y-pear 
cactus (Opuntia macrorrhiza) and common-yellow oxalis shared equal abundance 
having 12 plants eaeh. Common dandelion (Taraxaaum offieinale) and horse-
weed fieabane (Leptilon canadense) were recorded with ll and nine plants, 
respectively. 
The heavily grazed upland in 30 three- by one-foot rectangular plots 
had 17 different species of forbs recorded. A total of 508 plants or 5.64 
plants per square foot were found on the site (Table VI) . Many-i1owered 
. aster and western ragweed occurred most abundant.ly with 223 and 1.16 plants, 
respectively ( Table VII). Pigweeds (Amaranthus Spp.), mat spurge and 
Table VI. Number of species, total nl.lJ'llber of forbs and number of forbs per square foot for two 
sites on each of four grazing intensiti es. 
Upland Slope 
Non- Lightly Moderately Heavily Non- Lightly Moderately Heavily 
grazed grazed grazed grazed grazed grazed grazed grazed 
Total number of 
species 13 13 20 17 15 15 18 17 
on each site 
Total number of 
forbs 123 78 490 508 290 80 ll8 374 
on each site 
Number ef f orbs 
per _square .foot 1.37 o.87 5.44 5.64 3.22 o.89 1.31 4.16 
Table VII. Number of forbs on each of two sites for four pastures subjected to dif ferent grazing 
intensities, listing only those species found ten or mor e times on one site. 
Upland Slepe 
Species Non- Lightly Moderat ely Heavily Non- Lightly Moderately Heavily grazed grazed grazed grazed grazed grazed grazed grazed 
Arnaranthus ~p . 3 3S 
Ambrosia p silostaehya 39 354 116 18 23 29 132 
Amorpha caneBcens 14 
Aster multiflorus 31 223 50 12 28 
Callirhoe involucrata 6 10 
Euphorbia stictospora 18 32 iJ 21 
Grindelia squarro.sa l 4 $0 
Helianthus Maxirniliani 30 131 
Kechi.a scoparia 3 12 13 3 10 
Kuhnia glutinosa 15 l 2 2 19 
Leptilen canadense 2 9 2 l 10 21 
g 
Table VII. (Continued) 
Upland Slope 
~ecies Non- Lightly Moderately Heavily Non- Lightly Moderately Heavily 
grazed grazed grazed grazed grazed grazed grazed grazed 
Morongia llllcinata 7 15 6 7 
Opuntia macrorrhiza 2 12 ll 
Oxalis stricta 27 12 26 3 10 
P etalostemum purpu.reum. 4 15 
Polygonum aviculare 31 
Salvia Pi tcheri 28 22 3 
Solidago rigi da 1 l 14 1 4 
Specularia perfoliata 16 
Taraxacum officinale ll 9 38 
Vernonia Baldwini. 2 1 7 18 
prostrate lmotweed (Polygonum aviculare) were present in nearly equal abun-
dance with 35, 32 and 31 plants, respectively. The heavily grazed upland 
also had common-yellow oxalis with 26 plants, with 18 plants, eommon dande-
lion with nine plants and purple-poppy mallow (Callirhoe involucrata) with 
six plants. 
Fifteen different species of f orbs were recorded on the non-grazed 
slope in 90 square feet amounting to a total of 290 forbs or 3.22 plants 
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per square foot ( Table VI). Maximilian sunflower and many-flowered aster 
were most abundant on the non-grazed slope with 131 and 50 plants recorded, 
respectively ( Tabl e VII). Other abundant species were Pitcher' s sage m th 
22 plants and western ragweed with 18 pl ants. Catclaw-sensitive briar 
(Morongia uncinata), lead plant (Amorpha canescens) and stiff -leaved golden-
rod (Solidago r i gida) shared nearly equal abundance with 15, 14 and 14 
plants, respectively. 
The lightly grazed upland in 30 three- by one-foot rect angular plots 
had 15 different species of forbs recorded account:ing for a total of tlO 
plants or o.89 forbs per square foot (Table VI). Western ragweed an d 
purple-prairie clover (Petalostemmn purpureum) were the most abundant species 
of forbs recorded on the lighUy grazed slope with 23 and 15 plants, respec-
tively (Table VII)• 
In 90 square feet on the moderately grazed sl ope l8 ' dif ferent species 
of forbs were found comprising a total of 118 forbs or 1.31 pl ants p er 
square foot (Table VI). The moderately grazed slope had considerably less 
plants than the upland_ site of the pasture. The most abundant species on 
the moderately grazed slope was western ragweed with 29 plants (Table VII). 
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Sharing nearly equal abundance were mat spurge, many-flowered aster, prickly-
pear cactus and horseweed fleabane having, respectively, 13, 12, ll and 10 
plants. 
Seventeen different species of forbs were present on the heavily 
grazed slope amounting to a total of 374 plants or 4.16 plants per square 
foot ( Table VI) . The most abundant species of forbs on the heavily grazed 
slope were westerm ragweed, curlycup gumweed (Grindelia squarrosa), common 
dandelion and many flowered aster with 132, 50, 38 and 28 plants, respectively 
(Table VII). Mat spurge, horseweed fleabane, false prairie boneset and 
Baldwin ' s ironweed (Vernonia Bladwini) with 18 plants shared nearly equal 
abundance with 21, 21, 19 and 18 plants, respectively. 
Forbs were less abundant on the slope than on the upland in the 
moderately and heavily grazed pasture, mile the slope site had the most 
numerous f orbs than the upland site in the non-grazed and lightly grazed 
ranges. 
Percent frequency of forbs and grasses 
The non-grazed upland had three species of f orbs and two species of 
grass having a frequency of more than 20 percent. Forb species recorded 
were western ragweed, Maximilian sunflower and Pitcher ' s sage w.i.th 43 .33, 
43.33 and 30.00 percent frequency, respectively (Table VIII). Big bluestem 
w.i. th 30.00 percent and switchgrass with 20. 00 percent were the most frequent 
grasses on the site (Table VIIr) . 
A :frequency of 20.00 percent or more on the lighUy grazed upland was 
recorded by three species of forbs and two grasses. Common-yellow oxalis, 
Table VIII. Pereent frequency of forbs and grasses for two sites on each of four pastures subjected to 
different rates of utilization, listing only plants having twenty percent frequency or m0re. 
Up.land Slope 
Species Non- Lightly Moderately Heavi1y Non- Lightly Moderately Heavily 
grazed grazed grazed grazed grazed grazed grazed grazed 
Forbs 
Amaranthus Spp. 6.67 20.00 
Ambrosia psilostachya 43.33 96.67 66.67 20.00 43.33 30.00 80.00 
Amorpha canescens 26.67 
Aster multiflorus 33.33 96.67 63.33 20.00 40.00 
CaLlirhoe involucrata 13.33 20.00 
Euphorbia stictospora 36.67 46.67 26.67 40.00 
Grindelia squarrosa 3.33 10.00 40.00 
H elianthus Maxi:miliani 43.33 86.67 
Koehl.a se(i)paria 3.33 26.67 26.67 6.67 
Kuhnia glutinosa 20.00 3.33 6.67 6.67 36.67 
Leptilon canadense 6.67 16.67 3.33 3.33 lJ.33 23 .33 
Liatrus punctata 6. 67 20.00 13.33 
Morongia uncinata 13.33 26.67 20.00 3.33 
Oxalis stricta 46.67 30.00 30.00 6'.67 26.67 
Petalostemwn purpureum 6.67 33.33 
Table VIII. (CoRtinued) 
Upland Slope 
Species Non- Lightly Moderately Heavily Non- Lightly Moderately ffeavily 
grazed grazed grazed grazed grazed grazed grazed grazed 
Pol.ygonum aviculare 46.67 
Ratibida columnifera 3.33 6.67 6.67 3.33 26.67 
Salvia Piteheri 30.00 36.67 3.33 
Solidago rigi.da 3.33 3.33 26.67 3.33 6.67 
SpecuJ.aria perfoliata 2.3 • .33 
Taraxacum offieinale 23.33 13.33 40.00 
Vernonia Baldwini 6.67 3.33 10.00 20.00 
Grasses 
Agropyron smithii 29.00 1.00 5.50 8.50 0.50 8.00 
,Andropogon gerardi .30.00 1.1.50 4.50 u.oo 13.00 1.00 4.oo 
Andropogon scoparius 4.00 27.00 2.50 0.50 
Bouteloua gracilis 40.so 32.50 24.50 8.50 35.50 22.00 
Bu.chloe dactyloides 12.00 45.50 48.oo 25.00 55.00 66.50 
Pani.cum virgatum 22.00 3.00 4.00 
Sporobolus neglectus 4.00 .31.50 6.50 
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clasping-venus-looking glass and false-prairie boneset were found having, 
respectively, 46.67, 23.33 and 20.00 percent frequency (Table VIII). Bl.ue 
grama and western wheatgrass had 40.50 and 29.00 percent frequency. 
Six species of forbs and two grasses were recorded on the moderatel.y 
grazed upland having more than a 20 percent frequency. The most frequently 
occurring forbs were western ragweed, mat spurge and many-i1owered aster 
with 96.67, 36.67 and 33.33 percent, respectivel.y ( Table VIII). Common-
ye.Uow oxalis, f ireweed and common dandelion were frequent with 30.00, 
26.67 and 23.33 percent. Buffalo gras s and blue grama wi th 45.50 and 32.50 
percent frequency were recorded. 
The heavily grazed upland had seven forbs and two grasses occurring 
20 percent or more frequent. Many-flowered aster, western ragweed, mat 
spurge and prostrate knotweed having, respectively, 96.67, 66.67, 46.67 
and 46.67 perceBt frequency were most frequent to t he si t e (Table VIII ). 
Common-yellow oxalis, fireweed and pigweeds frequently occurred with 30.00, 
26.67 and 20.00 percent f requency, respectively. Buff alo grass and blue 
grama with 48.00 and 24 • .50 percent, respectively, were the most frequent 
grasses on the heavily grazed upland. 
The non-grazed slope had seven species of forbs and one species of 
grass occurring in 20 percent or more of the samples. Maximilian sunflower 
and many-i1owered aster were recorded having 86.67 and 63.33 percent fre-
quency, respectively (Table VI II). Pitcher's sage and western ragweed were 
present with, respectively, 36.67 and 20.00 percent, while lead plant, eatclaw-
sensitive briar and stif f-leaved goldenrod bad 26.67 percent frequency eaah. 
'.!be only grass having over a 20 percent frequency on the non-grazed slope 
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was litUe bluestem with 27 .oo percent. 
Three species of forbs and two grasses on the lightly-grazed slope 
had a frequency of 20 percent or more. The forbs most frequent were western 
ragweed and purple-prairie clover with 43.33 and 33.33 percent, respectively 
(Table VIII). Catclaw-sensitive briar was recorded with 20.00 percent. 
Poverty grass and buf falo grass were present on the lightly grazed slope 
with 31.50 and 25.00 percent frequency. The lightJ.y grazed slope was the 
only site of the upland or slope sites having all seven frequent species 
of grass present (Table VIII ). 
A 20 percent or more frequency on the moderately grazed slope was 
re~orded by four forbs and two grasses. Western ragweed and mat spurge 
had 30.00 and 26.67 percent frequency, respectively (Table VIII). Many-
nowered aster and blazing star (Liatrus punctata) shared equal frequency 
with 20.00 percent. Buffalo grass and blue grama having, respectively, 
55.oo and 35.50 percent were the most frequent grasses on the site. 
'.lhe heavily grazed slope had l l forbs and two grasses with a 20 per-
cent or more frequency. Western ragweed with 80.00 percent was the most 
frequent forb ( Table VIII). Sharing equal frequency at 40.00 percent were 
many-fl.owered aster, curlycup gumweed, mat spurge and common dandelion. 
False-prairie boneset was recorded 36.67 percent frequent while common-
yellow oxalis and prairie coneflower (Ratibida colwnnifera) each had 26.67 
percent. Horseweed fleabane was 23.33 percent frequent, while pUiple-
poppy mallow and Baldwin 1 s ironweed shared equal frequency with 20.00 per-
cent. Buffalo grass and blue grama were the most frequent grasses with 
66.50 and 22.00 percent frequency, respectively. 
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Response to grazing 
Based on percent frequency, prairie plants of the study area were 
classified according to the manner in "Whieh they respond to grazing. Plants 
were classified as: those that deerease l:Ulcler grazing; tho·se that increase 
under grazing; and those that invade grazed areas. 
On the basis of the above classification plants of the study area 
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on July 22, 196o, perennial grass on the lightly grazed upland had 
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a growth of 21.0 inches (Table IX) . Grasses on the non-grazed, moderately 
grazed and heavily grazed uplands had growths of 18.3, 8.9 and 12.9 inches, 
respectively• 
By August 19 grasses on the lightly grazed upland were 13.4 inches 
tall (Table IX) . The non-grazed, moderately grazed and heavily grazed up-
lands had a grass growth of 8.7, 7.9 and 7.9 inches, respectively. Grass 
growth on August 19 on each area had been decreased as compared to the grass 
growth present on July 22. '.lhe lightly grazed upland had the largest de-
crease in growth, although the site had the tallest grasses of all upland or 
slope sites. 
'.Ihe lightly grazed upland on October 28 had a grass growth of 10.3 
inches, while grasses on the non-grazed, moderately grazed and heavily grazed 
uplands had a growth, respectively, of 1.3, 9.0 and 6.8 inches (Table IX) . 
Grass growth, as compared with grass growth on August 19 was decreased on each 
upland site, except for the moderately grazed upland. Perenni al grass growth 
generally decreased on the upland sites at the time of the final clipping 
Table IX. Weekly foliage growth of perennial grasses in inches and clipping dates for two sites for 
four pastures subjected to different grazing rates in 1960, exclu<iing the height. at the 
time of the initial clipping and part of September and October. 
Measuring and clipping dates 
Si.te Grazing 
Intensity July August September October 
l 8 15 22 29 5 12 19 26 2 9 28 
Non-grazed 8.5 13.0 16.2 18.3 4.6 5.7 1.2 8.7 4.o 6.o 1.0 7.3 
"O LightJ.y grazed 6.l 10.5 17.5 21.0 5.1 1.1 10.7 13.4 4.3 $.1 8.3 10.3 
Moderately grazed 4.5 7.1 8.2 8.9 3.6 4.9 6.5 7o9 3.8 4.9 7.8 9o0 r-i 
Heavily grazed 4.2 1.6 10.6 12.9 J.8 4.9 6.L, 7.9 2.6 4.6 5.; 6.8 "O "C1 'O 
Cl) (I) (I) 
0: n: a: 
'O 
(I) 
p; •n Non-grazed* ;.q 6.o 9.9 12.5 J.J .9 ;.q 3 .8 6.1 1.1 9.0 ;.q 3.7 5.3 6.1 6.6 r-i 
C) 0 C) 
(I) 
Lightly grazed 5.8 9.5 ll.6 13.0 3.8 6.2 8.1 11.4 3.0 . 4.6 6.o 1.1 
8" Moderately grazed 3.5 5.6 6.6 1.2 3.0 4.3 5.2 6.1 3.1 4.4 5.6 6.4 
@ 
Heavily grazed 3.8 5.9 7.2 8.1 3.1 4.1 5.5 6.3 2.9 4.5 5.6 6.7 
* 'Ihe grass on the non-grazed slope was clipped to a height of two inches while grasses on other sites 
were clipped to a height of one inch. lb.erefore, growth removed as yield was reduced from total 
growth by the amount of stubble remain:i.1;-ig after clipping. For example, total growth on the non-




as compared to grass growth on July 22 0 
On Jul.y 22 grasses on the non-grazed slope had a growth of 13.9 inches 
(Table IX). Grass growth on the lightly, moderately and heavily grazed slopes 
was, respectively, 13.0, 7.2 and 8.1 inches. 
The lightly grazed slope had a grass growth of ll.4 inches by August 
19 (Table IX). Grasses on the non-grazed, moderately grazed and heavily 
grazed slopes had a growth of 9.0, 6.1 and 6.3 inches, r espectively. Grass 
growth on August 19 was decreased on all slope sites compared to grass 
growth on July 22. 
Grass growth on October 28 on the lightly grazed slope was 7.7 inches 
(Table IX). The non-grazed, moderately grazed and heavily grazed slopes had 
a nearly unifonn growth with 6.6, 6.4 and 6. 7 inches, respectively. Grass 
gr0wth on October 28 as compared to grass growth on August 19 was decreased 
on the non-grazed and lightly grazed slopes, but an increase was recorded on 
the moderately and heavily grazed slopes. On October 28 grass growth as 
compared to grass growth on July 22 decreased on all slope sites. The 
greatest decrease in grass growth occurred on the non-grazed slope. 
Ihring the summer of 1960, clipping caused the greatest reduction 
in grass growth on the non-grazed and lightJ.y grazed pastures where the 
perennial grasses were not accustomed to over-utilization. 
Upland sites had a greater decrease in growth from clipping than the 
slope sites. 
Perennial grass growth in 1961 
On June 9, 1961, grasses on the lightly grazed upland had a growth of 
27.2 inches (Table X) . Grasses on the non-grazed, moderately grazed and 
heavily grazed uplands had a growth of 25.5, 20.2 and 11.6 inches, respec-
tively, before the initial clipping. 
Grasses on the non-grazed upland had a growth of 17.7 inches on July 7 
( Table X). The lightly, moderateJ.y and heavily grazed uplands had grasses 
with a growth of 16.5, 14.1 and ll.2 inches, respectively. Grass growth on 
July 7 was decreased as compared to grass growth on June 9. 
Perennial grass on the non-grazed upland had a growth of 16.o inches 
by August 4 (Table X). Grass growth on the lightly, moderately and heavily 
grazed uplands was, respecti vely., 10.6., ll.8 and 7 .5 inches. Grass growth 
on all upland sites on August 4 was decreased from the grass growth on 
July 7 to June 9. 
On &ptember 1 grass growth on the moderately grazed upland was 12.5 
inches (Table X). The non-grazed, lightly grazed and heavily grazed up-
lands had grasses with. a ~ow'th of 12.3, 1.1.3 and 7 .3 inches., re&l)ectively. 
Grass growth on the non-grazed and heavily grazed uplands on September l 
decreased from the grass growth on August 4, but an increase was recorded 
on the lightly and moderately grazed uplands. 
On 0ctober 20, the date of the final clipping, the lightJ.y and moder-
ately grazed uplands shared the same grass growth of 5.3 inches each 
(Table X). A grass growth of 4.9 and 5.2 inches was recorded on the non-
grazed and heavily grazed uplands. A decrease in grass growtp. occurred on 
all apland sites at the time of the final clipping compared to the grass 
Table X. Weekly growth of perennial grasses in inches on two sites on each of four pastures under dif-
ferent rates of grazing for 1961, including the starting height and clipping dates. 
Measuring and clipping dates 
Site Grazing 
rntensity June JuJ.y August September October 
9 16 23 30 7 14 21 28 4 ll 18 25 l B 15 20 
Non-grazed 25.5 7.9 11.7 15.l 17.7 4.9 10.9 14.6 16.0 5.7 9.2 11.0 12 • .3 3.2 4.5 4.9 
Lightly 
grazed 27.2 6.6 9.4 13.7 16.5 .3.6 5.6 9.5 10.6 3.3 6.5 8.l ll.3 3.6 4.3 5.3 
't:I 
§ Moderately 
,-{ grazed 20.2 8.3 ll.O 12.3 14.l .1 B.5 10.4 n.s 4.l 8.5 10.2 12.5 3.4 4.6 5.3 
Heavily 
grazed 1.1.6 4.b.. 1.0 9.4 n.2 3.1 4.3 6.4 7.5 3.3 5.9 6.7 7.3 2.6 3.1 5.2 
't:I '2 'Cf (I) Cl) 
Non-grazecf a.o 10.9 12.9 !4.5 
p,. p,. 17.6 -~5.3 7.4 8.7 9.7 ~4.3 1.1 8.4 9.2 3.3 4.8 5.4 r-i 
Lightly C) C) C) C) 
grazed 20.7 4.7 9.2 11.7 14.1 4.o 6.6 9.6 1.1.4 3.9 7.2 9.5 12.7 3.3 4.2 4.9 
Cl) Moderately g, grazed 16.4 ,5.8 8.1 9.0 10.2 3.1 4.9 5.9 1.1 3.2 5.7 6.8 7.7 2.6 3.6 4.2 @ 
Heavily 
grazed 10.2 4.0 5.4 6.3 7.3 2.6 3.5 4.5 5.2 2.6 4.li 5.2 5.9 2.4 3.l 4.4 
The grass on the non-grazed slope was clipped to a height of two inches while grasses on other sites 
were clipped to a height of one inch. 
growth on September l and Jul.y 7 • 
A total growth of 72.4 mches was produced on the non-grazed upland 
in the summer of 1961. The lightJ.y, moderately and heavily grazed uplands 
produced 66.9, 59.9 and 38.8 inches of tota.l seasonal growth, respectively. 
1he amount of growth produced by the perennial grasses in the summer of 
1961., was less on the heavily grazed upland where over-grazing was most 
severe as compared to the amount of seasonal growth on the non-grazed, 
lightly grazed and moderately grazed uplands. 
Growth of the perennial grasses on the slope si.. tes before the initial 
clipping on June 9, 1961, was 20.7 inches (Table X). The non-grazed, moder-
ately grazed and heavily grazed slope sites had a grass growth of 17.6, 16.4 
and 10.2 inches, resp ectively. 
On July 7 grass growth was 14.l inches on the lightly grazed slope 
{Table X) . Grasses on the non-grazed, moderately grazed and heavily grazed 
slopes were 12.9, 10.2 and 7 .3 inches tal l, respectively. Grass growth was 
decreased on July 7 from the growth before the initial clipping. 
Grass growth on August 4 was ll.4 inches on the lightly grazed slope 
(Table X). 1he non-grazed, moderately grazed and heavily grazed slopes had 
grasses with a growth of 9.7, 7.1 and 5.2 inches, respectively. Grass growth 
on August 4 was decreased from the growth of the grasses on Jul.y 7 and June 9. 
On September l grasses on the lightly grazed slope had a growth of 
12.7 inches (Table X). The non-grazed, moderately grazed and heavily grazed 
slopes had grasses with a growth of 9.2, 7.7 and 5.9 inches, respectively. 
Grass growth on September 1 generally mcreased on the slope sites compared 
with the grass growth cm August 4. 
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The non-grazed slope on October 20 had grasses with a growth of 5.4 
inches (Table X) . Grass growth on the lightly, moderately and heavil.y grazed 
slepes was 4.9, 4.2 and 4.4 inches, re::pectivelyo Grass growth at the time of 
the final clipping on the slope sites was less than growth on all other 
clipping dates. 
The lightJ.y grazecl slope produced a total growth of 59.8 inches in the 
summer of 1961. The non-grazed, moderately grazed and heavily grazed slopes 
produced 46.8, 41..6 and 29o0 inches, respectively. 
Forage production 1960 
The seasonal forage yieJ.d on the heavily grazed upland in 1960, was 
5,140.0 pounds per acre ( Table XI)o '!he non-grazed, lightJ.y grazed and moder-
ately grazed uplands had seasonal forage yields of 4,291.2, 4,912.8 and 
4,612.3 pounds per acre, respectively. 
The seasonal and monthly yiel of perennial grasses composed the main 
portion of the forage yield on the upland sites. The lightly grazed and 
non-grazed uplands had a larger portien of the seasonal forage yield composed 
of perennial grasses than the moderately and heavily grazed uplands. The 
non-grazed and lightly grazed uplands had a seasonal perennial grass produc-
tion of 3,838.2 and 4,136.o pounds per acre with the main portien being pro-
duced by the time of the initial clipping. 
The seasonal forb yield on the upland sites increased with increased 
grazing intensity. The heavily grazed upland had a seasonal yield of forbs 
amounting to 1,258.8 pounds per acre (Table XI). The seasonal yield of 
forbs on the non-grazed, lightJ.y grazed and moderately grazed uplands , 
was, respective1y, 453.0, 604.2 and 713.2 pounds per acre. 
Table XI. Production of perennial grass, forbs and annual grass in pounds per acre each date of clipping 
on the upland sites on four pastures for the summer of 1960. Total production for each clip-
ping, each type of vegetation and each site is listed. 
Clipping Type of Grazing Intensity 
dates vegetation Non-grazed LighUy grazed Moderately grazed Heavily grazed 
Perennial grass 2,924.0 2,622.4 793.8 1,247.8 
Forbs 426.2 513.4 615.2 976.4 
June 24 Annual grass o.o 124.4 1,686.8 1,407.4 
Forage 3,350.2 3,260.2 3,095.8 3,631.6 
P ere.nnial grass 735.2 605.8 665.6 591.2 
Forbs 25.6 78.4 38.2 231.0 
July 22 
Forage 76o.8 . 684.2 703.8 822.2 
Perennial grass 148.6 420.4 420.2 378.2 
Forbs 1.2 10.0 22.2 51.4 · 
August 19 
Forage 149.8 430.4 442.4 429.6 
Perennial grass 30.4 487.4 332.6 256.0 
Forbs o.o 2.4 37.& o.o 
October 28 Annual grass o.o 48.2 o.o o.6 
Forage 30.4 538.o 370.2 256.6 
Seasonal perennial grass yield 3,838.2 4.,136.0 2,212.2 2,473.2 
Seasonal forbs yield 453.0 604.2 713.2 1,258.8 
Seasonal annua.l grass yield o.o 172.6 1,686.8 1,408.0 
Seasonal for age ~eJ.d 42291.2 42912.8 42612.3 52140.0 \n o,. . 
Annual grasses were found more abundantJ.y on the moderately and 
heavily grazed upland and slope sites than on the lightly grazed sites in 
the summers of 1960 and l96J.. Annual grasses were not -:found on upland or 
slope sites of the non-grazed range. The seasonal yield of annual grass 
on the moderately, heavily and lightly grazed uplands in the summer of 1960 
was 1,686.9, 1.408.0 and 172.6 pounds per acre, respectively (Table XI). 
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On June 24 forage was removed from the heavily grazed upland in the 
amount of 3,631.6 pounds per acre, 70.7 percent of the total seasonal forage 
production (Table n). The non-grazed, lightly grazed and moderately grazed 
uplands had a forage yield of 3,350.2, 3,260.2 and 3,095.8 pounds per acre, 
representing 78.1, 66.4 and 67.l percent, respectively, of the seasona.l 
forage production. 
Perennial grasses on June 24 on the non-grazed upland had a yield of 
2,924.0 po'Wl.ds per acre, 67.2 percent of the seasonal perennial grass 
production (Table XI). The lighUy, oderately and heavily grazed uplands 
had a perennial grass yield on June 24 of 2,622.4, 793.8 and 1,247.8 
pounds per acre, representing 63.4, 35.9 and 50.5 percent of the total 
seasonal production of perennial grass. Perennial grass yield on the non-
grazed, moderately grazed and heavily grazed uplands decreased steadily 
from June 24 to October 28. However, on the lightly grazed upl and peren-
nial grass production decreased from J'Wl.e 24 through August 19, and then 
made a slight increase to October 28. 
Forb production on June 24 was greater than on any other clipping 
date. Forbs yiel.d on the heavily grazed upland on June 24 was 976~4 
pounds per acre (Table XI). On the moderately grazed, lightly grazed and 
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non-grazed uplands the forb yield was 615.2, 513.4 and 426.2 pounds per 
acre, respectively. 
'lhe monthly f orage yield on the upland sites in 1960, steadily 
decreased from June 24 te October 28, except on the lightly grazed upland 
where a slight increase occurred from August 19 to October 28. 
'.Ihe forage production on the slope sites in 1960 was much less 
than the forage production on the upland sites. The seasonal forage 
yield on the heavily grazed sl0pe was 2,968.8 pounds per acre (Table XII). 
The non-grazed, light.ly grazed and moderateJ.y grazed slopes had a seasonal 
forage production, respectively, of 2,940.0, 1,921.0 and 2,290.0 pounds 
per acre. 
The seasonal and monthly production of perenni-al grass on the slope 
sites made up the main portion of the total forage yield. 'Ihe seasonal 
yield of the perennial grasses on the heavily grazed slope was 2,348.0 
pounds per acre (Table XII). The non-grazed, lightly grazed and moderately 
grazed slopes had a seasonal perennial grass yield of 2,122.0, 1,789.6 
and 1,577.2 pounds per acre, respectively. 
Production of forbs on the non-grazed slope in the summer of 1960 
was. 818.0 pounds per acre (Table XII}. Lightly, moderately and heavily 
grazed slopes had a seasonal forb yield of 79.2, 91.8 and 481.8 pounds per 
acre, respectively. 
The total amual grass production on the slope sites was produced 
before the initial clipping on June 24. Seasonal annual grass yield on the 
lightly, moderately and heavily grazed slepes was, respeatively, 52.2, 621.0 
and 139. 0 pounds per acre (Table Xll). 
Table XII. Production of perennial grass, forbs and annual grass :in pounds per acre each date of clip-
ping on the slope sites of four pastures during the summer of 1960. Total produetion . for 
each clipping, each type of vegetation and each site is listed. 
elipping Type of Grazing Intensity 
dates vegetation 
Non-grazed Lightly grazed Moderately grazed Heavily grazed 
Perennial grass 1,648.4 918.2 635.o 1,164.4 
June 24 Forbs 726.8 60.6 90.4 4J.5.2 
Anrrual grass o.o .52.2 621.0 139.0 
Total 2,375.2 l,03lo0 1,346.4 1,718.6 
Perennial grass 334.4 506.0 532.2 657.4 
July 22 Forbs 72.4 12.8 1.4 54.8 
Total 406.8 .5].8.8 533.6 712.2 
Perennial grass 107.6 236.6 235.8 315.o 
August 19 Forbs 18.8 4.2 o.o J.l.8 
Total 126.4 240.8 235.8 326.8 
Perennial grass 31.6 128.8 174.2 2ll.2 
October 28 Forbs 1.6 
Total 31.6 130.4 174.2 211.2 
Seasonal perennial grass yield 2,122.0 1,789.6 1,577.2 2,348.0 
Seasonal Forbs yield 818.0 79.2 91.8 481.8 
Seasonal annual grass yield o.o 52.2 621.0 139.0 
Seasonal forage yield 2,940.0 1,921.0 2,290.0 2,968.8 
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Monthly forage yield on the slope sites steadily decreased from June 24 
to October 28. On June 24 forage was removed from the non-grazed slope 
amounting to 2,375.2 pounds per acre, 80.8 percent of the seasonal forage 
yield ( Table XII)• Lightly, moderately a_nd heavily grazed slopes had a forage 
yield of 1,031.0, 1,346.4 and 1,718.6 pounds per acre, representing 53.7, 
58.8 and 57.9 percent, respectively, of the seasonal forage yield. 
The monthly perennial grass production on the slope &i.tes decreased 
from June 24 to October 28. On June 24, perennial grass on the non-grazed 
slope had a yield of 1,648.4 pounds per acre, 77.7 percent of the seasonal 
production of perennial grass ( Table XII) • Perennial grass production on 
the lightly, moderately and heavily grazed slopes was 918.2, 635.0 and 
1,164.4 pounds per acre, representing 51.3, 40.3 and 49.6 percent, respec-
tively, of the seasonal perennial grass production. 
Forb yield on the non-grazed slope on June 24 was 726.8 pounds per 
acre (Table XII). Lightly, moderat ely and heavily grazed slopes had a 
forb production of 60.6, 90.4 and 415.2 pounds per acre, respectively. 
Forage production in 1961 . 
Seasonal forage production and seasonal perennial grass production 
on the lightly and moderately grazed uplands in 1961, increased compared 
to production in 1960 (Fig. 14). However, the combined production of 
annual grass and forbs on the lightly and moderately grazed uplands de-
creased from the production of 1960. On the non-grazed and heavily grazed 
uplands seasonal forage production, perermial grass production and the 
combined production of annual grass and forbs in 1961, decreased compared 
to production in 1960. 
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In 196.1., seasonal forage yield on the lightly grazed upland was 7,012.6 
pounds per acre (Table XIII). Non-grazed, moderately grazed and heavily 
grazed uplands had seasonal forage yields, respectively, of 3,218.5, 5,213 . 2 
and 4,418.0 pounds per acre. 
In 1961, seasonal perennial grass production was greater on the non-
grazed and lightly grazed uplands than on the heavily and moderately grazed 
up.lands. On the lightly grazed upland the seasonal perennial grass production 
was 6,773.8 pounds per acre (Table XIII). Seasonal perennial grass production 
on the non-grazed, moderately grazed and heavily grazed uplands was 3,165.2, 
3,796.o and 2,443.0 pounds per acre. 
Seasonal yield of forbs in 1961, increased with increased grazing in-
tensity. The heavily grazed upland had a seasonaJ. forb produetion of 930.4 
pollllds per acre ( Table XIII)• Moderately grazed, lightly grazed and non-
grazed uplands produced, respectively, 105.0, 66.6 and 53.6 pounds per acre 
· of forbs in the summer of 1961. 
Annual grasses on the heavily, moderately and lightly grazed uplands 
had a seasonal yield of 1,044.6, 312.2 and 172.2 pounds per acre, respec-
tively (Table XIIT). The total product.ion of annual grass on the upland 
site was produced before the initial clipping on June 9. 
Forage production on the upland sites on June 9 was larger than 
the forage production on all other clipping dateso Forage yield on June 9 
on the lightly grazed upland was 6,038.6 pounds per acre, 86.1 percent of 
the seasonal f orage yield (Table XIII). Non-grazed, moderately grazed and 
heavily grazed uplands had a forage yield of 1,499.2, 2,929.8 and 2,897.8 
pounds per acre, represent:uig 46.6, 56.2 and 65.6 percent, respectively, of 
Table XIII. Production of perennial grass, annual grass and forbs in pounds per acre each date of clip-
ping on the upland site on four pastures during summer of 1961. Total production for each 
clipping, each type of vegetation and each site is listed. 
Clipping Type of Grazing Intensity 
dates vegetation Non-grazed Lightly grazed Moderately grazed Heavily grazed 
Perennial grass l,458.o .5,832.8 1,5.58.8 1,0.56.8 
June 9 Forbs 41.2 JJ.6 58.8 796.4 
Annual grass o.o 172.2 312.2 1,044.6 
Forage 1,499.2 6,038.6 2,929.8 2,897.8 
Perennial grass 8.12.0 396.4 839.)~ 406.0 
July 7 Forbs 7.2 16.4 12.8 81.6 
Forage 819.2 416.8 852.2 487.6 
Perennial grass 598.8 121.8 453.4 237.8 
August 4 Forbs o.o ll.4 4.2 28.2 
Forage 598.8 133.2 457.6 266.0 
Perennial grass 270.0 253.4 729.6 576.o 
September l Forbs 2.0 5.2 22.4 19.4 
Forage 272.0 258.6 752.0 595.4 
Perennial grass 26.0 169.4 21h.8 166.4 
October 20 Forbs 3.2 o.o 6.8 4.8 
Forage 29.2 169.4 221.6 J.71.2 
Seasonal perenm.al grass yield 3,165.2 6,773.8 3,796.0 2,443.0 
Seasonal forbs yield 53.6 66.6 105.0 930.4 
.seasonal Annual grass yield o.o 173.2 312.2 1,044.6 
Seasonal forage yield 3,2rn.8 7,012.6 5,213.2 4,4rn.o 
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the seasonal forage yield. 
Perennial grass production on June 9 on the lightly grazed upland 
amounted to 5,832.8 pounds per acre, 86.l percent of the seasonal produc-
tion of perennial grass (Table IlII) . Non-grazed, moderately grazed and 
heavily grazed uplands had a perennial grass production of 1,458.o, 1,558.8 
and 1,056.8 pounds per acre, representing 46.1; 41.l and 43.3 percent, respec-
tively, of.the seasonal production of perennial grass. 
Monthly perennial grass yield on the non-grazed upland steadily de-
creased from June 9 to October 20. However, on the lightly, moderateJ.y 
and heavily grazed uplands the perennial grass production decreased until 
August '4, increased to September l, and then decreased to the final clip-
ping on October 20. 
Forb yield on the heavily grazed upland on June 9 was 796.4 pounds 
. per acre (Table nrr) o Moderately grazed, lightly grazed and non-grazed 
uplands had a forb _production of 58.8, 33.6 and 4lo2 pounds per acre, respec-
tiv:ely. Forb yield on June 9 on each upland site was l arger than the forb 
production on any other clipping date. 
Total forage production on the lightly and moderately grazed slopes 
in the summer of 1961 was greater than the total forage production in the 
summer of 1960 (Fig. 15). However, the total forage yield on the non-grazed 
and heavily grazed slopes in 1961, decreased frem the total f orage production 
in l96oo 
In 1961, perennial grass production on the non-grazed, lightly grazed 
~nd moderately grazed slopes increased from the perennial grass yield of 
l96o, while a decrease was recorded on the heavily grazed slope (Fig. 15). 






1960 196 1 1960 196 1 1960 196 1960 19 6 1 
Fig. 15. Production for l.960 and 1961 in pounds 
per acre of perennial grass, annual 
grass and forbs on the slope site of 
pastures grazed at different int en-
sities. 
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Combined production of annual grass and forbs on the moderately grazed slope 
increased in 1961, oompared to production in l96o, but a decrease occurred 
on the non-grazed slope. LightJ.y and heavily grazed slopes shared a nearly 
equal production of arum.al grass and forbs in the summers of 1960 and 1961. 
Total forage production of the lightly grazed slope in. 1961, was 
4,125.0 pounds per acre (Table XIV). Non-grazed, moderat ely pazed and 
heavily grazed slepes had a seasonal forage yield of 2,795.2, 3,882.8 and 
2,478.6 pounds per acre, respectively. 
Seasonal perermia.l grass yield on the lightly grazed slope was 3,974.8 
pounds per acre (Table XIV). Non-grazed, moderately grazed and heavily 
grazed slopes had a seasenal perennial grass production, respectively, of 
2,570.2, 2,653.0 and l.894.6 pounds per acre. 
Forbs on the heavily grazed slope had a seasonal production of 463.8 
pounds p er acre ( Table XIV). Non-grazed, lightly grazed and moderately 
grazed slop es had a seasonal forb yield of 225.o, 121.6 and 62.0 pounds per 
acre, respecti velyo 
Annual grasses on the heavily, moderately and lightly grazed slopes 
had a yield of 120.2, 1,167.8 and 28.6 pounds per acre, respecti vely, in 
the summer of 196:L ( Table XIV). The total annual grass production for 
1961 on the slope sites was produced by the time of the initial clipping 
on June 9. 
Forage yield oa June 9 on the slope sites was greater t han the forage 
yield on any other clipping date. The moderately grazed slope had a forage 
yield on June 9 of 2,535.4 pounds per acre, 65.3 percent of the seasonal 
forage production ( Table XIV). Forage yield on the non-grazed, lightJ.y 
Table XIVo Production of perennial grass, annual grass and forbs in pounds per acre for each date of 
clipping on the slope sites for 196l.o Total production for each clipping, eaah type of 
vegetation and ~ach site is listed. 
Clipping Type of Grazipg Intensity 
dates vegetation Non-grazed Lightly grazed Moderately grazed Heavily grazed 
Perennial grass 1,719.6 2,361.4 1,358.2 926.4 
June 9 Forbs 205.0 118.0 9.4 334.8 
Annual grass o.o 28.6 1,167.8 120.2 
Forage 1,924.6 2,508.0 2,535.4 1,381.4 
Perennial grass 309.6 815.o 490.2 373.4 
Ju.ly 7 Forbs ll.8 3.6 5.0 85.4 
Forage 321.4 818.6 495.2 458.8 
Perennial grass 236.2 322.2 262.2 236.4 
August 4 Forbs 2.6 o.o 19.0 25.8 
Forage 238.8 322.2 281.2 262.2 
Perennial grass 267.4 404.8 377.0 291.0 
September 1 Forbs 5.6 o.o 27.2 17.S 
Forage 273.0 404.8 404.2 308.8 
Perennial grass 37.4 71.4 165.0 67.4 
October 20 Forbs o.o o.o 1.4 o.o 
Fora~e 37.4 71.4 166.)4 67.4 
Seasonal perennial grass yield 2,570.2 3,974.8 2,653.0 1,894.6 
Seasonal Forbs yield 225.0 121.6 62.0 463.8 
Seasonal annual grass yield o.o 28.6 1,167.8 120.2 
Seasonal forage yield 22795.2 42125.0 3,2882.8 2,!478.6 °' -,J 
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grazed and heavily grazed slopes was 1,924.6, 2,508.o and l,381.4 pounds per 
acre, representing 68 . 9, 60. 8 and 55.7 percent, respectively, of the seasonal 
forage production. 
Perennial grass production on the lightJ.y grazed slope on June 9 was 
2, 361. 4 pounds per acre, 59.4 percent of the seasonal production of perennial 
grass (Table XIV). Non-grazed, moderately grazed and heavily grazed slopes 
had a perennial grass yield of l, 719.6, 1,358.2 and 926.4 pounds per acre, 
representing 66.9, 51.2 and 48.9 percent, respectively, of the seasonal 
perennial grass production. Monthly production of perennial grass on all 
sl~e sites decreased through August 4, slightly increased to September 4, 
and then decreased to the final clipping on October 20. 
Forb yield on the heavily grazed slope on June 9 was 334.8 pounds 
per acre (Table XIV)• Non- grazed, lightJ.y grazed and moderately grazed 
slopes had a forb production of 205.0, ll8.o and 9.4 pounds per acre, 
respectiyely. 
SJMMARY 
Four pastures were selected for study on the basis of the appearance 
of the vegetative cover, persisting growth of the previous year, abundance 
of mulch and utilization in the past. Representative areas were selected 
on upland and slope sites of each pasture. The primary objective of the 
study was to find soil and vegetative differences on two sites caused by 
different grazing intensities. A detailed study was conducted wi th reference 
to the following factors: soil moisture; soil organic matter; surface soil 
pH; amount of mulch; basal cover; species composition; vegetative .structure; 
percent frequency; perennial grass growth; and production of the vegetation. 
Soil on the non-grazed upland, non-grazed slope and lightly grazed slope 
was only 1.5, 2.5 ancl 3.0 feet deep, respectively, while all other sites 
had soil five feet or more deep. 
On the basis of an average of all depths and grazing conditions, soil 
moisture was greater 0n the slope than on upland sites. Soil moisture was 
greatest on both sites at the depth of o.5 feet than at all other depths. 
Soil moisture fluctuated at c0nsecutive depths on both upland and slope sites 
having soil five feet or more deep. 
Organi·c matter in the surface six inches of soil o~ the upland site 
generally increased with increased·utilization, while on the slope a decrease 
was recorded. The main portion of organic matter was found in the surface 
two feet of soil on both sites. Organic matter content fluctuated on soil 
five feet or more deep at depths from 2.0 to 5.0 feet on the upl and and at 
depths of 1.5 to 5.0 feet on slope sit es which was possibly an indication 
of a buried soil. 
In the surface six inches of soil on the upland and slope sites soil 
pH generally became more acidic with increased grazing. 5oil five feet or 
more deep was acidic in the surface six inches while soil not five feet 
deep was basic. The non-grazed and moderately grazed upland surface soils 
were more basic than the respective slopes, while the lightJ.y and heavily 
grazed uplands were more acidic than the respective slope soils. 
'Ihe amount of J1llll.ch on the two sites decreased with increased utili-
zation, except on the lightly grazed upland where vegetation had been re-
moved as prairie hay. '.lhe amount of J1llll.ch in each of the four pastures was 
greater on the up.land than on the slope sites. Mulch on the non-grazed and 
lightly grazed ranges was composed primarily of perennial grasses, while 
annual grasseswere the primary contributors of the heavily and moderately 
grazed pastures. 
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Basal cover on the up.land and slope sites generally increased with in-
creased grazing int ensity. The number of grass species recorded on each of 
the two sites generally increased with increased utilization. Basal cover 
was greater on the non-grazed and lightly grazed upland than on the respec-
tive slopes, while the moderately and heavily grazed slopes were greater 
than the respective uplands. 
Buffalo grass and blue grama were the most abundant grasses on the two 
sites on the moderat ely and heavily grazed pastures. Blue grama and western 
wheatgrass were most abundant on the lightl.y grazed upland while buffalo 
grass and poverty grass were most abundant on the slope sites. The non-grazed 
upland had big bluestem and switchgrass most plentiful while on the slope 
little bluestem and big bluestem were recorded most abundantJ.y. Annual 
grasses were not recorded on the non-grazed range. 
Vegetative structure was different on each site of the four pastures 
and was illustrated with pantograph charts of representative areaso 
Species of forbs, total number of plants and number of plants per 
square foot on the upland and slope sites was greatest on the heavily 
grazed pasture. 
The most frequently occurring grasses and forbs were classified as 
decreasers, increasers or invaders, according to their response to grazing. 
More species of forbs on bot h sites were 20 percent or more frequent than 
grass species. 'lhe heavily grazed pasture on the tm sites had more forb 
species 'Wii.th 20 percent or more frequency than on all other pastlll'es. 
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Growth of perennial grasses on the upland sites in both years of the 
study was greater than on slope sites on the basis of an average of all 
grazing conditions and clipping dates. The average growth on the non-
grazed and lightly grazed upland and slope sites of perennial grass was 
greater than the moderately and heavily grazed sites. The amo1lllt of growth 
decrease from clipping was greater on the non-grazed and lightly grazed 
sites than on tl:le moderately and heavily grazed upland and slopes sites. 
Growth decrease due to clipping was greater on the upland than on slope sites. 
The upland sites had more forage production, perennial grass production 
and annual grass production than slope sites. Perennial grass production on 
the non-grazed· and lighily grazed uplands was greater than on moderately and 
heavily grazed uplands in 1960 and 1961. Forb production on the upland site 
increased with increased grazing i ntensity. Annual grass production was 
greater on the moderately and heavily grazed pastures than on the lightJ.y 
grazed pasture. Annual grasses were not recorded on the non-grazed range. 
Seasonal forage production and perennial grass production was greater 
in 1961. on the lightly and moderately grazed uplands than in 1960, but was 
less on the non-grazed and heavily grazed uplands in 1961. The perennial 
grass production was greater in 1961 than in 1960 on the non-grazed, lightJ.y 
grazed and moderately grazed slopes. The seasonal forage production was 
greater in 1961 on the lighily and moderately grazed slopes than in 1960, 
but was less on the mon-grazed and heavily grazed slopes. 
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